Abstract A simple, mild, highly efficient and transition metal-free protocol for synthesis of ynones in an ionic liquid is described. In this approach, the coupling reaction of different acid chlorides with terminal alkynes was efficiently carried out using 0.05 mol% MgCl 2 in the presence of triethylamine in [bmim]Br at room temperature to afford the corresponding ynones in good to excellent yields. This method is highly efficient for various acid chlorides and alkynes including aliphatic, aromatic, and heteroaromatic substrates bearing different functional groups. The influence of some parameters in this reaction including type of ionic liquid, base and catalyst has been discussed. 
Introduction
Ynones (a,b-acetylenic ketones) have received considerable interest due to their widespread occurrence in natural products, bioactive molecules and pharmaceuticals [1] [2] [3] . The bifunctional electrophilic nature of ynones has led to their extensive utilization in organic and medicinal chemistry. Ynones are known as reactive Michael acceptors and hence, they often serve as beneficial three-carbon building blocks for the synthesis of diverse heterocycles [1, [4] [5] [6] [7] . Since the enormous practical applications found for ynones, many synthetic approaches were developed to afford a plenty of ynones [1] . To this end, the classical methods to access ynones involve palladium-catalyzed carbonylative Sonogashira coupling of aryl bromides with terminal alkynes or the metalated derivatives [8] [9] [10] [11] , direct oxidative nucleophilic addition of an aldehyde to a metal acetylide [12, 13] or alkyne [14] , oxidation of the propargylic alcohol derivatives [15, 16] , a-oxidation of an alkyne [17, 18] , and the palladium-catalyzed coupling reaction of carboxylic acids with terminal alkynes or metal acetylides [19] [20] [21] [22] [23] . Recently, the addition of terminal alkynes or metalated derivatives to nitriles [24, 25] , gold catalyzed dehydrogenative Meyer-Schuster-like rearrangement of propargylic pivalates [26] , and palladium-catalyzed carbonylative Sonogashira coupling of aryl bromides via tert-butyl isocyanide insertion [27] have also been reported to produce ynones. Up to now, among different approaches established so far to access ynones, the palladium catalyzed coupling of terminal alkynes with acid chlorides has been extensively used due to protocol's diversity, wide functional group tolerance, mild conditions, and high yields [28] [29] [30] . However, the uses of expensive palladium catalysts, the difficulties in purification, and separation of the metal-ligand complexes from the main products, have restricted the applicability of this approach. Therefore, developing an efficient and convenient palladiumfree protocol for readily achieving the ynones is of great significance. To this end, the use of metal salts such as Cu(I) [31, 32] and Zn(II) [33] salts has been reported to achieve the coupling reaction of alkynes with acid chlorides. The reaction of diverse alkynyl organometallic reagents with acid chlorides has also been developed as an alternative method for production of ynones [1] . Recently, Taylor and Bolshan developed the synthesis of ynones from acid chlorides and potassium alkynyltrifluoroborate salts in the presence of BCl 3 [34] . Feng and coworkers reported the decarboxylative alkynylation of a-keto acids for synthesis of ynones under transition metalfree conditions [35] . Although procedures utilizing the alkynyl organometallic reagents achieve the ynones in satisfactory yields; however, the preparation of the starting substrates is often expensive and cumbersome. Moreover, Cu(I) salts catalyzed alkyne-alkyne homocoupling side reaction results in lower yields of the desired ynone. Hence, there is a substantial need for establishing a convenient, practical, and efficient protocol for synthesis of ynones.
Ionic liquids (ILs) have unique properties such as low vapor pressure, high thermal stability, extreme of polarity, ability to dissolve a wide range of materials, non-flammability, noncorrosivity, and recyclability. Due to their green credentials, ionic liquids proved to be an excellent environmentally benign reaction media to substitute the toxic and hazardous solvents in organic reactions [36] . Up to now, the structurally diverse ionic liquids have been extensively employed in different organic reactions [37] . As an instance, the synthesis of ynones via palladium-catalyzed carbonylative Sonogashira coupling of aryl bromides with terminal alkynes has been reported in room temperature ionic liquids (RTILs) [38, 39] . In this connection, the direct transition metal-free coupling of terminal alkynes with acid chlorides in ionic liquid would be a highly advantageous strategy. However, to the best of our knowledge, there has been no report yet on this attractive approach. Hereby, we would like to report a very mild, environmentally benign, cheap and highly efficient synthetic methodology for gaining ynones through the transition metal-free coupling of acid chlorides with terminal alkynes using MgCl 2 in the presence of triethylamine (TEA) in [bmim]Br at room temperature (Scheme 1).
Experimental

General
All chemicals were purchased from either Fluka or Merck. Solvents were purified and stored over 3 Å molecular sieves.
Reactions were followed by TLC using SILG/UV 254 silicagel plates. Column chromatography was performed on silica gel 60 (0.063-0.200 mm, 70-230 mesh; ASTM). Melting points were measured using Electrothermal IA 9000 melting point apparatus in open capillary tubes and are uncorrected. Elemental analyses were performed on a Perkin-Elmer 240-B micro-analyzer. IR spectra were obtained using a Shimadzu FT-IR-8300 spectrophotometer.
1 H-and 13 C-NMR spectrum was recorded on Bru¨ker Avance-DPX-250 spectrometer operating at 250/62.5, respectively. Chemical shifts are given in d relative to tetramethylsilane (TMS) as an internal standard, coupling constants J are given in Hz. Abbreviations used for 1 H NMR signals are: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = broad and etc. GC/MS was performed on a Shimadzu GC/MS-QP 1000-EX apparatus (m/z; rel.%). High resolution mass spectra (HRMS) were obtained on a Jeol JMS 700 high resolution mass spectrometer.
Synthesis of Ynones (3a-3p)
To a round bottom flask (50 mL), was added a mixture of acid chloride (10 mmol), alkyne (12 mmol), TEA (12 mmol), and anhydrous MgCl 2 (0.5 mmol, 0.05 mol%) in [bmim]Br (10 mL). The reaction mixture was stirred at room temperature for the appropriate time ( Table 4) . The mixture was then diluted with water (150 mL) and extracted with CHCl 3 (2 Â 50 mL). The organic layer was separated, dried (Na 2 SO 4 ) and evaporated in vacuo. The crude product was purified by short column chromatography on silica gel eluting with a mixture of hexane/AcOEt.
1,3-Diphenylprop-2-yn-1-one (3a)
Column chromatography (Hexane/AcOEt, 15:1) yielded 1.93 g (94%). Yellow liquid. IR (film): 2195 (C"C), 1648 (C‚O). 
1-(Pyridin-3-yl)hept-2-yn-1-one (3m)
Column chromatography (Hexane/AcOEt, 12:1) yielded 1.66 g (89%). Orange oil. IR (film): 2203 (C"C), 1647 (C‚O). 
Recovery of [bmim]Br
The aqueous layer obtained from work-up procedure was evaporated in vacuo on an oil bath to remain the crude [bmim]Br in which was diluted and extracted from the dissolved salts using anhydrous DCM (10 mL). The solution was filtered and evaporated to obtain the pure [bmim]Br which was subsequently used for further reactions.
Results and Discussion
To determine the optimized reaction condition, the coupling reaction of benzoyl chloride with phenyl acetylene was considered as a sample reaction. We commenced to find the optimization condition by investigating the effect of different imidazolium-based RTILs as the reaction media on sample reaction ( Table 1 ). As shown in Table 1 , the length of alkyl side chains on imidazolium core evidently affects the progress of reaction [40, 41] . In this regard, the best result was obtained when C 4 mim salts, in particular [bmim]Br were utilized. Interestingly, the enhancement of length in 1-alkyl residues from ethyl to butyl improved the progress of reaction, whereas more increase in alkyl length from butyl to octyl reduced the yields of 1,3-diphenylprop-2-yn-1-one (3a) ( Table 1 , entries 1-7). Heretofore, it was well understood that the physicochemical properties of ionic liquids can be altered by choosing the different alkyl residues and anions [40, 41] . In this regard, the effects of various anion conjugates with [bmim] cation were tested (Table 1, entries 3, 8-12 ). Changing the bromide to chloride and also iodide had a little effect on progress of reaction (Table 1, entries 8, 9 ). In the same circumstances, the use of (Table 2) . Since the week nucleophilic nature of alkynes, the use of an efficient base for enhancing the nucleophilicity power of alkynes is crucial. As depicted in Table 2 , TEA proved to be the most efficient base for coupling of benzoyl chloride with phenyl acetylene (entry 4). The use of K 2 CO 3 and Cs 2 CO 3 afforded the moderate yields of ynone 3a (Table 2 , entries 2, 3). DMAP and DABCO provided satisfactory yields of 3a; however, longer times were needed for completion of the reaction (Table 2 , entries 5, 7). In addition, utilizing DBU also afforded the satisfactory result (entry 6). However, TEA was preferred to use because of its cheapness and also abundance.
An appropriate Lewis acid or catalyst has undeniable role in synthesis of ynone. In this connection, we evaluated the potency and influence of diverse Lewis acids or catalysts except that of palladium and copper salts on model substrates (Table 3) . As can be seen in Table 3 , in the absence of the catalyst, the reaction was hardly achieved, in which after 12 h only yielded 19% of 3a (entry 1). Among the studied catalysts, MgCl 2 achieved the best result from both aspects of yield and time (entry 7). The use of ZnCl 2 , AlCl 3 , and LiCl produced 3a in 65-73% yields after 3 h (Table 3 , entries 4-6). The satisfactory yields were also obtained when NiCl 2 and SnCl 2 were also employed (Table 3, entries 2, 3) . In general, MgCl 2 was preferred Lewis acid in this protocol since it is a non-toxic, environmentally compatible, cheap, easy to handle, and abundantly available salt. After choosing MgCl 2 as the best Lewis acid, we focused our attention on indicating an appropriate Table 4 The scope of protocol in coupling of different acid chlorides with alkynes. quantity for MgCl 2 to progress the reaction, efficiently (Table 3 , entries 7-11). Applying 0.05 mol% of MgCl 2 afforded the best result for 3a (entry 7). Interestingly, increasing the amount of MgCl 2 from 0.02% to 0.05 mol% enhanced the progress of the model reaction, whereas the use of the exceeded amounts more than 0.05% mol% had no distinguishable effect on a model substrate (Table 3 , entries 10,11).
With the optimal reaction conditions in hand, we explored the generality, versatility and applicability of this approach for coupling of structurally diverse acid chlorides with different alkynes (Table 4 ). As shown in Table 4 , the chemistry works well with acid chlorides and alkynes involving different functionalities. The coupling reactions of different aromatic acid chlorides with aromatic alkynes bearing either electronwithdrawing or electron-donating functionalities were efficiently achieved utilizing this method. The acid chlorides involving heteroaromatic residues like thiophene and pyridine derivatives were readily converted to corresponding ynones in excellent yields (Table 4 , entries 10, 12, and 13). Aliphatic acid chlorides were also coupled with aromatic alkynes to afford the corresponding products in good yields; however, in most cases, longer reaction times were needed (Table 4 , entries [14] [15] [16] . In addition, satisfactory results were obtained by the application of this protocol for coupling of aromatic acid chlorides with aliphatic alkynes (Table 4 , entries 7, 9).
Conclusions
In summary, we have developed a very mild, rapid, environmentally benign and convenient protocol for synthesis of ynones from acid chlorides and alkynes through a transition metal free coupling of different acid chlorides with alkynes utilizing MgCl 2 /TEA/[bmim]Br in good to excellent yields. 
